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Matagorda County JP Office
Matagorda County, TX

GEOTECHNICAL ENGINEERING STUDY

Matagorda County JP Office
Matagorda County, TX

INTRODUCTION
Authorization and Scope

TSI Laboratories, Inc. (TSI) was retained to provide geotechnical study services by Mitchell
Carrillo with Lynn Engineering. The purpose of this study was to determine and evaluate the
stratification and engineering properties of the site subsurface soils. TSI will also provide
geotechnical engineering recommendations and guidelines for use in site preparation, foundation
design, building pad, and related site improvements planned for the Matagorda County JP Office
located at the intersection of Center Street and Magnolia Street in Matagorda County, Texas.

Project Description

The proposed project involves the construction of a 7,200 square foot, one-story, pre-engineered
metal frame building with the associated paving. Based on the results of the study, this structure
could be supported by any of the following foundation systems; slab-on-grade, spread footing or
drilled piers foundation.

FIELD AND LABORATORY TESTING
Field Testing

The site soil was explored by drilling two (2) 25-foot-deep borings. The number of borings,
depths, and locations were determined by the client. Soil was sampled continuously at 2-foot
intervals to 10-foot depth with an additional sample taken at 5-foot depth intervals. The
sampling method is determined based on the encountered soils.

Cohesive soils were sampled by hydraulically pushing a 3-inch diameter, thin-walled steel tube
about 24-inches. Our field sampling procedures were in general accordance with ASTM D1587.
For each recovered sample, our representative extruded the sample in the field, visually
classified the soil, and measured the penetration resistance using a pocket penetrometer. A
portion of the recovered sample was placed into a sample container and transported to our
laboratory for testing.

Laboratory Testing
The soil samples selected for laboratory testing were examined and visually classified by the
sample’s representative of the various soil strata encountered. Atterberg limits, moisture contents

and percent fines tests were performed to assist in classifying the soils according to Unified Soil
Classification System (ASTM D2487). Unconfined compressive strength tests were also
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performed to provide indicators of soil strength. The classification test results are presented on
boring logs. The test procedures are described in the Appendix.

SUBSURFACE CONDITIONS

The test borings encountered fat and lean clay (CH/CL) soils to the boring termination depths.
The site soil has been evaluated by performing various field and laboratory tests on the
subsurface samples recovered during the drilling operations. The types of tests conducted on the
subsurface samples and the results of the tests are tabulated on the Log of Borings, which are
provided in the Appendix. The properties of each stratum are discussed below.

The corresponding log of borings, depicting the stratum soil descriptions, type of sampling used
during sample retrieval, laboratory test data, and other field data, is presented in the Appendix at
the end of this report. The key to boring log symbols and soil classifications sheet, which
defines the terms and descriptive symbols used on each boring log, is also presented in the
Appendix.

Groundwater

Groundwater was encountered at 13 and 13.5-feet depths during our drilling operations. It is
noted that groundwater levels fluctuate with seasonal climatic variations, such as rainfall, runoff,
and other factors. The possibility of groundwater level fluctuations should be considered when
developing the design and construction for the project.

EVALUATION
General

Based on the laboratory tests performed, the soils encountered at this site generally exhibit a
medium to high potential for expansion. Based on the results of our field and laboratory testing,
the clayey strata underlying this site consists of soft to hard soils that are competent to support
the loadings from the structure with necessary site preparation and compaction.

Potential Vertical Rise (PVR)

Potential vertical soil movements were estimated using the Texas Department of Transportation
method TEX-124-E, Potential Vertical Rise. This method utilizes the soil’s in-situ moisture
conditions and plasticity characteristics within the active zone. It is estimated that the depth of
the active zone at this site is approximately 15-feet. The estimated Potential Vertical Rise (PVR)
values for the dry and average moisture conditions of subgrade soils are 2.50 and 1.75 inches,
respectively. A sustained surcharge load of one (1) pound per square inch is assumed to be
imposed by the floor and sustained live load in the PVR calculations. It is noted that the PVR
estimates are provided as an indicator of the severity of potential soil movements at this site and
are not intended as a prediction of actual foundation movements.
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Structural engineers typically consider a PVR of 1-inch as the maximum permissible soil
movement and a differential settlement of approximately %-inch. A PVR less than 1-inch does
not mean that the movement is eliminated. It only means that the foundation can be designed for
this amount of soil movement. An anticipated settlement of less than 1-inch is expected during
the service life of the structure taking into consideration for the site preparation involving
removal of native high plasticity clays

and replacement with select structural fill.

RECOMMENDATIONS

Our recommendations are based on knowledge of the area; however, the project design team
should specify actual construction requirements. The final selection of foundation for the
building should be based on considerations of several factors, such as 1) function of the
structure, 2) soil strength properties, expansive soil properties, and settlement characteristics of
subsurface materials; 3) the magnitude of applied structural loads; and 4) construction costs.

Site Preparation

Site preparation should consist initially of, (a) clearing and the stripping of any vegetation and
roots, and (b) removing any materials containing significant organic material from the
foundation footprints. Soils having more than 10% by volume are considered to have organic
material. The exposed subgrade surfaces (c¢) should then be proof rolled with a loaded heavy
earthwork piece of machinery such as a motorized articulated scraper, maintainer, or dump truck
to detect soft or loose zones, followed by proper soil replacement if necessary and then (d)
scarified to at least 9-inches; moisture conditioned within 2% wet of optimum moisture and
compacted to a minimum of 95% of maximum dry density determined by ASTM D698
(Standard Proctor).

Selection and Placement of Fill

Structural fill should be low plasticity sandy clays or imported caliche sand and gravel.
Recommended fill specifications are included in the appendix, and these may be used as a guide
for the placement of fill and for pavement construction. Particular attention should be given to
maintaining the proper moisture content during compaction to prevent the fill from drying before
subsequent lifts are placed.

Construction areas should be stripped of vegetation and root structure, and the exposed subgrade
should be proof rolled with appropriate construction equipment weighing at least 20-tons. The
purpose of this recommendation is to check the subgrade for weak or soft areas prior to fill
placement and compaction. This operation should be observed and evaluated by qualified TSI
personnel experienced in earthwork operations.

If weak or soft areas are observed during proof rolling operations, the soil in the subject area

should be removed to expose competent subgrade soils in both horizontal and vertical limits.
The excavated soils provided they are not contaminated with deleterious materials, or clean
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imported fill soils can be used to restore grade at these isolated areas; any imported fill should
meet the requirements for select fill. Placement and compaction of the soils are discussed below.

Select fill within paving areas should consist of lean clay or sandy lean clay, free of roots,
organics, and deleterious materials. The select fill should have at least 50% passing the No. 200
sieve and have a PI between 8 and 18. Representative samples of the fill materials should be
tested to confirm their material characteristics prior to the filling operations.

Subgrade areas should be scarified to a depth of about 9-inches and moisture adjusted within 2%
of the optimum moisture content. The moisture-conditioned subgrade should then be compacted
to at least 95% of maximum dry density determined in accordance with ASTM D698. The
subgrade should be moisture conditioned just prior to fill placement in order that the subgrade
maintains its compaction moisture levels and does not dry out.

Structural fill (fill that provides load-bearing support) should consist of select fill placed on
prepared surfaces in lifts not to exceed 8-inches loose measure, with compacted thickness not to
exceed 6-inches. All structural fill should be moisture conditioned to within 2% of optimum
moisture content and then compacted to at least 95% of maximum dry density as evaluated by
ASTM D698. A testing frequency of one in-place density and moisture test for each 2,500 sf or
less should be considered, with a minimum of three tests.

Foundation Systems
Slab-on-Grade

The lightweight structure at this site may be supported on conventionally reinforced slab-on-
grade foundation systems provided the subgrade and pad are prepared in accordance with the
recommendations contained herein.

The corresponding decrease in the potential soil movements is primarily a function of the fill pad
thickness and the moisture levels of the underlying clayey subgrade. While the recommended
preparations do not eliminate the potential for soil movement, the magnitude of such movements
should be reduced to more acceptable levels. We recommend the slab-on-grade for the structure
be supported by removing 4-feet of the fat clay soils and replacing them with properly placed
and compacted select fill soils. The select fill pad should also extend horizontally a minimum
distance of 2-feet beyond the edge of the slab area.

Select fill should be utilized for all grade adjustments within the proposed slab area.
Furthermore, we recommend that the finished floor elevation of the structure be above the final
exterior grade and adjacent grades be sloped to produce positive drainage away from the building
and pad.

The subgrade soils and select fill building pad soils should be prepared as outlined in the

“Earthwork™ section of this report, which contains material and placement requirements for
select fill, as well as other subgrade preparation recommendations. The slab-on-grade foundation
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may be designed using the following parameters provided the subgrade is prepared as discussed
above.

Slab-on-grade floor slabs may be designed for an allowable bearing pressure of 1,800 psf based
on total loads which includes a safety factor of two (2). A subgrade modulus of 100 pci may be
used in design.

Spread Footings

Concentrated structural loads can be supported by spread footings. Spread footings should be
founded a minimum of 4-feet below the existing grade. If spread footings are placed in an area
where existing soils have been removed and replaced with select fill, spread footings should be
founded below the bottom of the select fill layer but in no case, shallower than 4-feet. Spread
footings founded at or below the 4-feet depth may be designed for a net total load bearing
pressure of 3.9 ksf. These bearing pressures are based on factors of safety against bearing
capacity failure of approximately 2.

Pier Design Parameters

Parameter Recommendation Comments
Foundation Type Drilled Piers Limit underream diameter to 96 inches
Bearing Depth, feet 18 Measured below the existing grade
Bearing Material cL | e
1 %
Net Allowable Bearing Pressure, qan 4.8 kips/ft? Includes factor of safety (F.S.) of 3

At least two underream

Measured center-to-center

construction heave of the clay soils

Pier Spacing diameters or 5 to 10 shaft
diameters
Allowable Lateral Resistance, qiateral 1.5 kips/ft? Neglect upper 4 ft, F.S. of 2
Estimated uplift pressure due to post- 650 psf approximated over the entire perimeter of

the shaft above the top of the underream

Allowable Uplift of Resistance, kips

2.2(D*d?) +0.8 We

D — Underream diameter, ft
d — Shaft diameter, ft
Wc — Effective weight of concrete, kips

Bell-to-Shaft Ratio

2:1t02.5:1

Straight sided if sloughing is encountered

Pier Reinforcement

Minimum of 0.5% of
concrete area

Extend the full depth of shaft and
underream

NOTE: * May be increased 33% for transient loading conditions such as wind

The shafts of the drilled piers will be subjected to tension (uplift) forces induced by the soil when
they undergo expansion. The piers should be reinforced with sufficient vertical reinforcing steel
from the top of the shaft to the bottom to resist this potential uplift force from the swelling clays.
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Settlement Considerations

Total settlements, based on the indicated bearing pressures, should be about 1-inch or less for
properly designed and constructed drilled piers. Settlement beneath individual piers will be
primarily elastic with most of the settlement occurring during construction. Differential
settlement may also occur between adjacent piers. The amount of differential settlement could
approach 50 to 75% of the total pier settlement. For properly designed and constructed piers,
differential settlement between adjacent piers is estimated to be less than %s-inch. Settlement
response of drilled piers is impacted more by the quality of construction than by soil structure
interaction.

Improper pier installation could result in differential settlements significantly greater than we
have estimated. In addition, larger magnitudes of settlement should be expected if the soil is
subjected to bearing pressures higher than the allowable values presented in this report.

Foundation Construction

After initial site stripping, we recommend the exposed soils to be thoroughly proof rolled with a
20-ton pneumatic roller or loaded dump truck. Soft/weak areas detected during the proof rolling
activities should be removed and replaced with properly compacted select fill soils. The select
fill beneath the floor slab should be prepared as outlined in the previous section of this report.
This over-excavation, proof rolling, and additional fill placement should be observed by TSI to
evaluate the integrity of the fill soils for proper support of the at-grade floor slab of the building.

The excavations for the shallow footing foundation system should be performed with equipment
capable of providing a relatively clean bearing area. The bottom 6-inches on the planned
foundation excavations should be completed with a smooth-mouthed bucket or by hand labor.
The excavations should be neatly excavated and properly formed. The soil subgrade at the base
of each footing should be evaluated following completion of the excavation and immediately
prior to placing the concrete. Debris at the bottom of the excavation should be removed prior to
steel placement. Water should not be allowed to accumulate at the bottom of the foundation
excavation. To reduce the potential for water infiltration into the excavations and to minimize
disturbance to the bearing area, we recommend that steel and concrete be placed as soon as
possible after the excavations are completed and properly cleaned. A seal slab (2 to 4-inches)
should be placed within the footing bearing area for footings that will not be backfilled with
concrete within 48-hours of the footing excavation.

Grade Beams

Exterior (or turned down edges) and interior grade beams should be used to support concentrated
loads and to stiffen the floor slab. The depth of exterior and interior grade beams can be varied
according to the structural requirements of the floor slab. We recommend exterior grade beams
and interior beams be supported at least 24-inches and 20-inches below the finished grade,
respectively. Exterior and interior grade beams may be designed using an allowable net bearing
pressure of 1,800 psf for total loading conditions.
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The width of the grade beam should be designed such that the vertical pressure applied to the soil
does not exceed the recommended bearing pressure. In any case, the width of the grade beam
should be at least 16-inches to facilitate placement of the reinforcing steel, and cleaning and
observing the excavation bottom prior to placement of the concrete. We do not recommend the
use of void boxes below grade beams because of the potential to collect free water within the
void space. Grade beams will also act as moisture barriers, reducing moisture fluctuations
beneath the slab. Deeper moisture barriers will provide better control of moisture fluctuations
particularly during extended periods of dry or wet weather.

Foundation Construction Monitoring

The performance of the recommended foundation systems for the proposed structure will be
highly dependent upon the quality of construction. Thus, we recommend that building pad
compaction and foundation installation be monitored full-time by an experienced TSI soil
technician under the direction of our geotechnical engineer.

Earthwork

Construction areas should be stripped of all vegetation including roots, loose/soft topsoil, and
other unsuitable surface materials. Following stripping and prior to placement of additional fill,
the exposed soil subgrade areas should be proof rolled with a 20-ton pneumatic roller or a loaded
dump truck to detect weak areas. Weak areas detected during proof rolling should be removed
and replaced with select fill. Proper site drainage should be maintained during construction, so
that ponding of surface runoff does not occur and causes construction delays and/or inhibits site
access.

After proof rolling, and just prior to placement of fill, the exposed subgrade should be evaluated
for moisture and density. The subgrade should be within 2% of the optimum moisture content
and have an in-place dry density of at least 95% of the Standard Effort (ASTM D698) maximum
dry density of the in-situ soils. If the moisture or density does not meet the above criteria, the
subgrade should be scarified to a minimum depth of 9-inches, moisture adjusted to within 2% of
the optimum moisture content and compacted to at least 95% of the Standard Effort (ASTM
D698) maximum dry density.

Grade adjustments within the building pad area should be accomplished with select fill
composed of clean lean clay, sandy lean clay, or clayey sand soils with a plasticity index ranging
between 8 and 18. Select fill should be placed on prepared surfaces in lifts not to exceed 8-inches
loose measure, with compacted thickness not to exceed 6-inches. The select fill should be
compacted to at least 95% of the Standard Effort (ASTM D698) maximum dry density within
2% of the optimum moisture content.

If imported blended or mixed soils are intended for use to construct the building pad, TSI should
be contacted to provide additional recommendations accordingly. Blended or mixed soil does not
occur naturally. These soils are a blend of sand and clay and will require mechanical mixing at
the site. If these soils are not mixed thoroughly to break down the clay clods and blend-in the
sand to produce a uniform soil matrix, the fill material may be detrimental to the slab

TSI LABORATORIES, INC. .



Matagorda County JP Office
Matagorda County, TX

performance. If blended soils are used, we recommend that additional samples of the blended
soils, as well as the clay clods, be obtained prior to and during earthwork operations to determine
if the blended soils can be used in lieu of select fill.

A qualified soil technician should perform sufficient in-place density tests during the filling
operations to evaluate those proper levels of compaction, including dry unit weight and moisture

content, are being attained.

Wet Weather/Soft Subgrade Considerations

Construction during and soon after wet weather periods may encounter difficulties due to wet
surficial soils becoming a general hindrance to equipment due to rutting and/or pumping of the
soil’s surface. If the subgrade cannot be adequately compacted to the minimum densities, one of
the following methods should be used to improve the soil: 1) removal and replacement with
select fill, 2) chemical treatment of the soil to dry the subgrade, or 3) drying by natural means if
the schedule allows.

In our experience with similar soils in this area, chemical treatment is the most efficient and
effective method to increase the supporting value of wet and soft subgrade. TSI should be
contacted for additional recommendations if chemical treatment of the soil is needed due to the
presence of wet and soft subgrade.

Drainage

All grades must provide effective drainage away from the building during and after construction.
Water permitted to pond next to the building can result in greater soil movements than discussed
in the report, and can result in unacceptable differential floor slab movement, cracked slab and
walls, and roof leaks. Estimated movements and settlements described in this report are based on
effective drainage for the life of the building and cannot be relied upon if effective drainage is
not maintained.

Exposed ground should be sloped away from the building for at least 10-feet beyond the
perimeter of the building. After construction and landscaping, we recommend verifying final
grades to document that effective drainage has been achieved. Grades around the building should
also be periodically inspected and adjusted, as necessary.

Flatwork will be subject to post construction movement. Maximum grades practical should be
used for flatwork to prevent water from ponding. Allowance in final grades should also consider
post-construction movement of flatwork, particularly if such movement would be critical. Where
flatwork abuts the building, effectively seal, and maintain joints to prevent surface water
infiltration.
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PAVEMENT DESIGN RECOMMENDATIONS

We anticipate that the pavement subgrade will consist of medium to high plasticity, surficial
soils. We recommend that the top 6 to 8-inches of the finished subgrade soils directly beneath the
pavement be chemically treated. Chemical treatment will increase the supporting value of the
subgrade and decrease the effect of moisture on subgrade soils. These 6 to 8-inches of treatment
are a required part of the pavement design and are not a part of site and subgrade preparation for
wet/soft subgrade conditions.

Once the subgrade is properly prepared both flexible pavement systems (consisting of asphalt
and base material) and reinforced concrete pavement systems may be considered for this project.
Detailed traffic loads and frequencies were not available. However, we anticipate that traffic will
consist primarily of passenger vehicles in the parking areas and large multi-axle delivery trucks
in the driveways.

Tabulated in the following table are the assumed traffic frequencies and loads used to design
pavement sections for this project.

i;;/iMENT TDI* | DESCRIPTION

Automobile DLI Light traffic (Few vehicles heavier than passenger cars, no regular use by

Parking Areas heavily loaded two axle trucks or buses). (ESAL (1) <6)

gﬁ;;iv:t}ilzg Medium to light traffic (Similar to DI-1 including not over 50 loaded two

Automobile DI-2 axle trucks or lightly loaded larger vehicles per day. No regular use by

Parking Areas) heavily loaded trucks or buses with three or more axles). (ESAL = 6-20)

Driveways Medi1.1m traffic (Including n.0t over 300 heavily loaded two axle trucks

and Light Truck | DI-3 plus .hghtly loaded trucks with threc? or more axles and no more than 30

Traffic Areas heavily loaded trucks or buses with more than three axles per day).
(ESAL =21-75)

Medium- Medigm to Heavy Truck Traffic — Inéluding not over 900 two axle trucks

Heavy Truck DI4 plus lightly loaded trucks or buses with three or more axles and no more

Traffic Areas than 60 heavily loaded trucks with more than three axles per day. (ESAL =
76 —250)

(1) Equivalent daily 18-kip single-axle load applications.

*Traffic Design Index

Listed below are pavement component thicknesses, which may be used as a guide for pavement
systems at the site for the traffic classifications stated herein. These systems were derived based on
general characterization of the subgrade. Specific testing (such as CBR tests, resilient modulus
tests, etc.) was not performed for this project to evaluate the support characteristics of the
subgrade.
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RIGID PAVEMENT SYSTEM
Material Thickness, Inches
COMPONENT
DI-1 DI-2 DI-3 DI-4
Reinforced Concrete 5.0 6.0 8.0 9.0
Treated Subgrade 6.0 6.0 8.0 8.0
FLEXIBLE PAVEMENT SYSTEM
Material Thickness, Inches
COMPONENT
DI-1 DI-2 DI-3 DI-4
Asphaltic Concrete 2.0 2.5 2.5 3.0
Base Material 8.0 10.0 12.0 14.0
Treated Subgrade 6.0 6.0 8.0 8.0

The pavement design engineer should consider these and other similar situations when planning
and designing pavement areas. Waste bin and other areas that are not designed to accommodate
these situations often result in localized pavement failures. Presented below are our
recommended material requirements for the various pavement sections.

Reinforced Concrete Pavement — The materials and properties of reinforced concrete pavement
shall meet applicable requirements in the ACI Manual of Concrete Practice. The Portland cement
concrete mix should have a minimum 28-day compressive strength of 4,000 psi.

Reinforcing Steel — Reinforcing steel should consist of the following:

DI-1: #3 bars spaced at 18-inches, or #4 bars spaced at 24-inches on centers in both directions
DI-2: #3 bars spaced at 12-inches, or #4 bars spaced at 18-inches on centers in both directions
DI-3: #4 bars spaced at 18-inches on centers in both directions
DI-4: #4 bars spaced at 12-inches on centers in both directions

Control Joint Spacing — ACI recommendations indicate that control joints should be spaced at
about 30-times the thickness of the concrete pavement. Furthermore, ACI recommends a
maximum control joint spacing of 12.5-feet for 5-inch-thick pavements and a maximum control
joint spacing of 15-feet for 6-inch or thicker pavements. Sawcut control joints should be cut
within 6 to 12 hours of concrete placement.

Expansion Joint Spacing — ACI recommendations indicate that regularly spaced expansion joints
may be deleted from concrete pavements. Therefore, the installation of expansion joints is
optional and should be evaluated by the design team.

Dowels at Expansion Joints — The dowels at expansion joints, if the joints are provided, should
be spaced at 12-inch centers, and consist of the following:

DI-1: 5/8-inch diameter, 12-inch long with 5-inch embedment
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DI-2: 3/4-inch diameter, 14-inch long with 6-inch embedment
DI-3: 7/8-inch diameter, 14-inch long with 6-inch embedment
DI-4: 1-inch diameter, 14-inch long with 6-inch embedment

Hot Mix Asphaltic Concrete Surface Course — The asphaltic concrete surface course should be
plant mixed, hot laid Type D (Fine Graded Surface Course) meeting the specifications
requirements in TxDOT 2004 Standard Specifications Item 340. Specific criteria for the job
specifications should include compaction to within an air void range of 5 to 9% calculated using
the maximum theoretical gravity mix measured by TxDOT Tex-227-F. The asphalt cement
content by percent of total mixture weight should be within + 0.5% asphalt cement from the job
mix design.

Base Material — Base material should be composed of crushed limestone or crushed concrete
meeting the requirements of TxDOT 2004 Standard Specifications Item 247, Type A, B, or D,
Grade 1. The base material should be compacted to at least 95% of the Modified Effort (ASTM
D1557) maximum dry density at a moisture content within 2% of the optimum moisture content.

Treated Subgrade —The on-site surficial subgrade soils should be treated with lime in accordance
with the TxDOT 2014 Standard Specifications Item 260. We recommend that 6 to 7% lime by
dry weight be used for estimating and planning. The actual quantity of the lime should be
determined at the time of construction based on laboratory, Atterberg-Lime Series, testing
conducted using bulk samples of the subgrade soils. The pulverization, mixing and curing of the
lime treated subgrade is of particular importance in these plastic clays. The lime used should be
lime or commercial lime slurry conforming to TxDOT 2014 Standard Specifications Item 260.

The subgrade should be compacted to a minimum of 95% of the Standard Effort (ASTM D698)
maximum dry density at a moisture content within 2% of optimum. Traffic should be kept off the
treated subgrade for about 7 days to facilitate curing of soil - chemical mixture. In addition, the
subgrade is not suitable for heavy construction traffic prior to paving.

Prior to compaction the following gradation requirement must be met:

Minimum passing percentage
Sieve Base Subgrade
1% 100 % 100 %
Ya 85 % 85 %
#4 - 60 %

The pavement design methods described above are intended to provide structural sections with
adequate thickness over a particular subgrade such that wheel loads are reduced to a level the
subgrade can support. The support characteristics of the subgrade for pavement design do not
account for shrink/swell movements of an expansive clay subgrade. Thus, the pavement may be
adequate from a structural standpoint yet still experience cracking and deformation due to
shrink/swell related movement of the subgrade. Post-construction subgrade movements and
some cracking of pavements are not uncommon for clayey subgrade conditions such as those
observed at this site. Minimizing moisture changes in the subgrade is important to reduce
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shrink/swell movements. Although lime treatment will help to reduce such movement/cracking
this movement/cracking cannot be economically eliminated.

Related civil design factors such as subgrade drainage, shoulder support, cross-sectional
configurations, surface elevations and environmental factors which will significantly affect the
service life must be included in the preparation of the construction drawings and specifications.
Normal periodic maintenance will be required.

Long-term pavement performance will be dependent upon several factors, including maintaining
subgrade moisture levels and providing for preventive maintenance. The following
recommendations should be implemented to help promote long-term pavement performance.

o Site grading should be designed to drain away from the pavements, preferably at a
minimum grade of 2%.

e The subgrade and the pavement surface should be designed to promote proper
surface drainage, preferably at a minimum grade of 2%.

e Joint sealant should be installed, and cracks should be sealed immediately.

e Curbs should be extended into the treated subgrade for a depth of at least 4-inches
to help prevent moisture migration into the subgrade soils beneath the pavement
section.

e Compacted, low permeability clayey backfill should be placed against the exterior
side of the curb and gutter.

Preventive maintenance should be planned and provided for the pavements at this site.
Preventive maintenance activities are intended to slow the rate of pavement deterioration and
consist of both localized maintenance (e.g., crack, and joint sealing and patching) and global
maintenance (e.g., surface sealing). Prior to implementing any maintenance, additional
engineering observations are recommended to evaluate the type and extent of preventive
maintenance needed.

Rolling Pattern

A minimum compaction temperature of 175°F (80°C) is the cutoff point, because after this point,
the mat temperature is so low that compaction possibilities decrease rapidly. In some cases, the
material is too hot to be properly compacted. This is noticeable from the instability of the
material under the roller. It is essential that the first pass be made as soon as possible so that the
temperature relationships mentioned above will be maintained. The greatest part of compaction
is attained with the first breakdown pass. To eliminate or minimize compactor marks the final
finishing passes may have to be delayed until the mat cools to the proper temperature.

Weather Limitations

Adverse weather conditions would affect the quality of the asphaltic concrete pavement. These
include, but are not limited to the following:
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1. Frozen subgrade as evident by the fact that a shaded surface thermometer reads
32°F or less, or the subgrade is excessively hard; the entrapped water has
turned to ice.

2. For thin lifts temperature requirements such as 80°F.

3. Muddy subgrade due to the material being too wet.

4. Standing water on the subgrade (this can usually be remedied by using pumps
and/or an air hose).

5. A light rain is sometimes OK if the mat does not cool down too quickly.

GENERAL COMMENTS

TSI Laboratories, Inc. (TSI) should be retained to review the final design plans and
specifications, so comments can be made regarding interpretation and implementation of our
geotechnical recommendations in the design and specifications. TSI also should be retained to
provide testing and observation during excavation, grading, foundation, and construction phases
of the project.

The analysis and recommendations presented in this report are based upon the data obtained
from the boring performed and from other information discussed in this report. This report does
not reflect variations that may occur between boring, across the site, or due to the modifying
effects of weather. The nature and extent of such variations may not become evident during or
after construction. If variations appear, we should be immediately notified so that further
evaluation and supplemental recommendations can be provided.

The scope of services for this project does not include either specifically or by implication any
environmental or biological (e.g., mold, fungi, and bacteria) assessment of the site or
identification or prevention of pollutants, hazardous materials, or conditions. If the owner is
concerned about the potential for such contamination or pollution, other studies should be
undertaken.

For any excavation construction activities at this site, all Occupational Safety and Health
Administration (OSHA) guidelines and directives should be followed by the Contractor during
construction to ensure a safe working environment. Regarding worker safety, OSHA Safety and
Health Standards require the protection of workers from excavation instability in trench
situations.

This report has been prepared for the exclusive use of our client for specific application to the
project discussed and has been prepared in accordance with generally accepted geotechnical
engineering practi